Visual  Sample  Plan  Survey  Design  and  Analysis 
Former  Kirtland  Air  Force  Precision  Bombing  Range 
September  29, 2006 


Prepared  for  ESTCP  Wide  Area  Assessment  Demonstration  Project 


Submitted  by: 
Versar,  Inc, 

6850  Versar  Center 
Springfield,  Virginia  22151 


Distribution  Statement  A:  Approved  for  Public  Release,  Distribution  is  Unlimited 


Report  Documentation  Page 


Form  Approved 
0MB  No.  0704-0188 


Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 
VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  0MB  control  number. 


1.  REPORT  DATE 

29  SEP  2006 


2.  REPORT  TYPE 


3.  DATES  COVERED 

00-00-2006  to  00-00-2006 


4.  TITLE  AND  SUBTITLE 

Visual  Sample  Plan  Survey  Design  and  Analysis  Former  Kirtland  Air 
Force  Precision  Bombing  Range 

6.  AUTHOR(S) 


7.  PEREORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Versar,  Inc., 6850  Versar  Center, Springfield, VA, 22151 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 


5a.  CONTRACT  NUMBER 


5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

5d.  PROJECT  NUMBER 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 

8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 


13.  SUPPLEMENTARY  NOTES 


14.  ABSTRACT 


15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF: 


a.  REPORT 

unclassified 


b.  ABSTRACT 

unclassified 


c.  THIS  PAGE 

unclassified 


17.  LIMITATION  OF 

18.  NUMBER 

ABSTRACT 

OE  PAGES 

Same  as 

64 

Report  (SAR) 

19a.  NAME  OE 
RESPONSIBLE  PERSON 


Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


Visual  Sample  Plan  Survey  Design  and  Analysis 

FKPBR 
Interim  Report 

Table  of  Contents 

1.  Introduction . 1 

1.1.  Site  Description . 1 

1 .2.  The  Demonstration  Proeess . 1 

2.  Initial  Survey . 3 

2.1.  Assumptions . 3 

2.2.  Design  Selection . 3 

2.3.  Implementation  and  Data  Proeessing . 7 

2.4.  Summary  of  Initial  Transeet  Survey  Results . 8 

3.  Initial  Transeet  Data  Analysis  and  Fill-in  Survey  Design . 15 

3.1.  Northeast  Sector . 16 

3.2.  Northwest  Sector . 16 

3.3.  South  Sector . 16 

3.4.  Fill-in  Survey  Results . 16 

4.  Preliminary  Boundary  Estimations . 25 

4.1.  Visual  Examination . 25 

4.2.  VSP  Target  Areas  Module . 25 

4.3.  Critieal  Densities . 26 

4.4.  Analysis  with  Category  1  Anomalies  Added . 27 

5.  Summary  and  Recommendations . 42 

List  of  Tables 

Table  1:  Summary  of  Initial  Survey  Design  Options . 4 

Table  2:  Number  of  Anomalies  Identified  After  Initial  Survey . 8 

Table  3:  Baekground  Density  Estimates . 27 

List  of  Figures 

Eigure  1 :  WAA  Study  Area  at  Eormer  Kirtland  Preeision  Bombing  Range . 2 

Eigure  2:  Bull’s-eye  Target  Seareh  Design . 5 

Eigure  3:  Simulated  Oil  Refinery  Target  Seareh  Design . 6 

Eigure  4:  Kirtland  WAA  Study  Area  Analysis  Sectors . 9 

Eigure  5:  Northeast  Sector  Initial  Survey  Results . 10 


September  29,  2006 


1 


Visual  Sample  Plan  Survey  Design  and  Analysis 

FKPBR 
Interim  Report 


Figure  6:  Northeast  Seetor  without  COG  Lines . 10 

Figure  7:  Northwest  Seetor  Initial  Survey  Results . 11 

Figure  8:  Northwest  Seetor  without  COG  Lines . 1 1 

Figure  9:  ORT  Seetor  Initial  Survey  Results . 12 

Figure  10;  ORT  Seetor  without  COG  Lines . 12 

Figure  11:  South  Sector  Initial  Survey  Results . 13 

Figure  12:  South  Sector  without  COG  Lines . 14 

Figure  13:  Close-up  of  Northern  Part  of  Northeast  Sector,  Potential  Targets  Flagged  by  VSP..  17 

Figure  14:  Close-up  of  Southern  Part  of  Northeast  Sector,  Potential  Targets  Flagged  by  VSP..  18 

Figure  15;  Northeast  Sector  Fill-in  Survey  Design . 19 

Figure  16:  Histogram  for  Critical  Density  of  0.125  anomalies/m  ,  Northwest  Sector . 20 

Figure  17:  Fill-in  Survey  Design  for  the  Northwest  Sector . 21 

Figure  18:  Category  2  Anomalies  in  Southern  Sector  of  Bull’s  Eye  Target  Search  Area . 22 

Figure  19:  Northeast  Sector  Fill-in  Survey  Results . 23 

Figure  20;  Northeast  Sector  Fill-in  Survey  without  COG  Lines . 23 

Figure  21 ;  Northwest  Sector  Fill-in  Survey  Results . 24 

Figure  22;  Northwest  Survey  Fill-in  Survey  without  COG  Lines . 24 

Figure  23;  Areas  Used  for  Boundary  Estimation . 28 

Eigure  24;  Visually  Estimated  Target  Boundaries,  Northeast  Sector . 29 

Eigure  25;  Northeast  Sector  with  Category  2  Anomalies,  Elagged  Areas  with  Density  Greater 
Than  35  Anomalies/ Acre  Background . 30 

Eigure  26:  Category  1  and  2  Anomalies  in  the  Northeast  Sector  Target  Area  Vicinity . 3 1 

Eigure  27;  Northeast  Sector  with  Category  1  and  2  Anomalies,  Elagged  Areas  with  Densities 
Greater  Than  59  Anomalies/Acre  Background  Density . 32 


Eigure  28;  Visually  Estimated  Target  Boundaries,  Northwest  Sector  with  Category  2  Anomalies 


. 33 

Eigure  29;  Northwest  Sector  with  Category  2  Anomalies,  Elagged  Areas  with  Density  Greater 
Than  92  Anomalies/ Acre  Background  Density . 34 

Eigure  30;  Category  1  and  2  Anomalies  in  the  Vicinity  of  the  Northwest  Target  Area . 35 

Eigure  31;  Northwest  Sector  with  Category  1  and  2  Anomalies,  Elagged  Areas  with  Densities 
Greater  Than  120  Anomalies/Acre  Background . 36 

Eigure  32:  Visually  Estimated  Target  Boundaries,  ORT  Sector . 37 

Eigure  33:  ORT  Sector  with  Category  2  Anomalies,  Elagged  Areas  with  Density  Greater  Than 
40  Anomalies/Acre  Background . 38 


September  29,  2006 


ii 


Visual  Sample  Plan  Survey  Design  and  Analysis 

FKPBR 
Interim  Report 


Figure  34:  Category  1  and  2  Anomalies  in  the  Vieinity  of  the  ORT  Target  Area . 39 

Figure  35:  ORT  Seetor  with  Category  1  and  2  Anomalies,  Flagged  Areas  with  Density  Greater 
Than  52  Anomalies/ Aere  Baekground . 40 


Figure  36:  Northeast  Sector,  Initial  Survey  Results  with  55  Anomalies/Acre  Critical  Density..  41 
Figure  37:  Northeast  Sector,  Initial  Survey  Results  with  69  Anomalies/Acre  Critical  Density..  41 


Appendices 

Appendix  A:  Survey  Design  Transect  Coordinates . A- 1 

Appendix  B:  Kirtland  Transect  Data  Database  Documentation . B-1 


ill 


September  29,  2006 


Visual  Sample  Plan  Survey  Design  and  Analysis 

FKPBR 
Interim  Report 


1.  Introduction 

This  interim  report  documents  the  design  of  the  ground  survey  of  the  Wide  Area 
Assessment  (WAA)  Pilot  Study  performed  at  Former  Kirtland  Precision  Bombing  Range. 
The  report  also  documents  the  processing  and  analysis  of  the  survey  data  after  they  were 
collected.  Both  the  sample  design  and  the  analysis  were  performed  using  Visual  Sample 
Plan  (VSP).  ^ 

1.1,  Site  Description 

The  WAA  study  area  of  Kirtland  Precision  Bombing  Range  contains  at  least  three  bull’s- 
eye  targets  (N-2,  N-3  and  the  “New”  Demolition  Targets),  and  is  suspected  to  be  the 
location  of  a  Simulated  Oil  Refinery  target.  The  bull’s-eye  targets  have  outer  aiming 
circles  that  are  1000  feet  (304.8  m)  in  diameter.  The  Simulated  Oil  Refinery  target  has 
been  described  as  being  2000  (609.6  m)  ft  in  the  E-W  direction  by  approximately  500  ft 
(152.4  m)  in  the  N-S  direction,  with  individual  “cells”  ranging  in  size  from  20  x  250  ft  to 
50  X  250  ft.  The  location  of  the  Simulated  Oil  Refinery  target  was  indicated  in  the 
archival  material  as  northwest  of  the  Double  Eagle  Airport.  Eigure  1  shows  the  WAA 
study  area  boundaries,  the  expected  locations  of  the  three  bull’s-eye  targets,  and  the 
boundaries  of  the  area  that  may  contain  the  Simulated  Oil  Refinery  target.  A  complete 
description  of  the  Kirtland  WAA  study  area  is  provided  in  the  Kirtland  Conceptual  Site 
Model  (VO,  July  2005). 

1.2.  The  Demonstration  Process 

The  purpose  of  this  portion  of  the  pilot  study  was  to  demonstrate  the  application  of 
ground-based  vehicle-towed  geophysical  sensor  arrays  using  transect-based  surveys  to 
search  for  areas  of  concentrated  munitions  and  explosives  of  concern  (MEC)  and 
associated  materials. 

The  demonstration  process  followed  these  steps: 

•  Initial  Survey:  A  series  of  assumptions  regarding  the  possible  sizes  of  areas  of 
concentrated  MEC  were  developed,  based  on  the  information  from  the  conceptual 
site  model.  VSP  was  used  to  produce  initial  survey  proposals,  based  on  the 
assumptions.  The  initial  survey  designs  were  selected  after  presentation  of  the 
proposals  to  the  Advisory  Group. 

•  “Fill-In”  Survey:  Results  from  the  implementation  of  the  initial  survey  were 
analyzed,  and  “fill-in”  surveys,  consisting  of  50  meter  spaced  transects  oriented 
perpendicular  to  the  initial  survey  transects,  were  designed.  The  purpose  of  these 
surveys  was  to  gather  more  data  from  areas  with  high  concentrations  of 
anomalies. 

•  Estimation  of  Boundaries:  The  results  from  the  initial  and  the  fill-in  surveys 
were  used  to  estimate  boundaries  of  areas  that  may  contain  concentrations  of 
MEC  and  associated  materials. 

The  remainder  of  this  report  describes  these  steps,  and  provides  the  results  of  analysis 
and  conclusions  drawn  from  the  demonstration. 


*  Versions  4.3  (for  initial  design  and  fill-in  analysis)  and  4.4b  (for  subsequent  target- finding  analysis), 
Paeifie  Northwest  National  Laboratory,  http://dgo.pnl.gov/index.html. 
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2.  Initial  Survey 


2.1.  Assumptions 

Four  sets  of  assumptions  were  developed  for  the  proposed  VSP  swath  sampling  designs.  Two 
assumptions,  one  conservative  and  one  non-conservative,  were  developed  for  searching  for  the 
bull’s-eye  targets: 

•  Conservative  Bull’s-eye  Target  Search:  Search  for  a  500  ft  (152.4  m)  diameter  circular 
target,  based  on  the  fact  that  practice  bombs  do  not  produce  fragmentation  and,  therefore, 
practice  target  footprints  may  be  smaller  than  the  outer  aiming  circle. 

•  Non-conservative  Bull’s-eye  Target  Search:  Search  for  a  1000  ft  (304.8  m)  diameter  circular 
target,  based  on  the  observed  size  of  the  aiming  circles. 

Conservative  and  non-conservative  assumptions  were  also  developed  for  searching  for  the 
Simulated  Oil  Refinery  target: 

•  Conservative  Refinery  Target  Search:  Search  for  a  50  ft  (15.24  m)  x  250  ft  (76.2  m)  cell  of 
the  simulated  oil  refinery  target,  assuming  that  each  cell  may  have  served  as  a  target  for  the 
bombers,  and  that  the  250  foot  dimension  is  oriented  in  the  east-west  direction. 

•  Non-conservative  Refinery  Target  Search:  Search  for  the  entire  500  ft  (152.4  m)  x  2000  ft 
(609.6  m)  target,  again  assuming  that  the  east-west  orientation  reported  in  the  ASR  is  correct. 

Sample  designs  were  developed  for  three  probabilities  of  traversing  the  target:  90%,  95%,  and 
99%.  The  Bull’s-eye  target  searches  were  planned  over  the  entire  WAA  study  area;  the 
Simulated  Oil  Refinery  target  search  was  limited  to  the  area  suspected  to  contain  the  Simulated 
Oil  Refinery  Target.  The  proposed  swath  sampling  design  parameters  are  presented  in  Table  1. 

2.2.  Design  Selection 

The  selection  of  the  initial  survey  design  was  primarily  based  on  cost  -  the  most  conservative 
design  that  was  still  affordable  was  selected.  This  turned  out  to  be  the  designs  based  on  the 
conservative  assumptions,  at  99%  probabilities  of  traversing  the  targets.  The  Bull’s-eye  target 
search  transects  were  spaced  at  155.1  meters  on  centers,  oriented  in  an  east-west  direction.  The 
Simulated  Oil  Refinery  target  searches  were  spaced  at  79.5  meters  on  centers,  in  a  north-south 
direction.  Figures  2  and  3  show  the  survey  designs  for  the  Bull’s-eye  target  and  the  Simulated 
Oil  Refinery  target  searches.  The  start-  and  end-points  of  the  design  transects  are  documented  in 
Appendix  A. 
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Table  1:  Summary  of  Initial  Survey  Design  Options 


Total  Swath  Length  (m) 

Swath  Spacing  (m) 

Area  Under  Swath 

90% 

95% 

99% 

Approach 

90% 

95% 

99% 

90% 

95% 

99% 

sq.  m 
(acre) 

%  Study 
Area 

sq.  m 
(acre) 

%  Study 
Area 

sq.  m 
(acre) 

%  Study 
Area 

Bull’s-eye 

Conservative’ 

123,427 

128,134 

135,052 

170.6 

161.6 

155.1 

308,565 

(76) 

1.96% 

319,975 

(79) 

2.03% 

337,629 

(83) 

2.14% 

Bull’s-eye  non- 
Conservative 

61,713 

640,067 

67,526 

341.2 

323.2 

310.2 

154,283 

(38) 

0.98% 

159,987 

(40) 

1.02% 

168,815 

(42) 

1.07% 

Oil  Refinery 
Conservative^ 

124,696 

132,118 

136,455 

87.4 

82.8 

79.5 

311,740 

(77) 

2.87% 

330,295 

(82) 

3.04% 

341,137 

(84) 

3.14% 

Oil  Refinery  non- 
Conservative^ 

14,545 

17,393 

17,944 

680.1 

644.3 

618.3 

36,363 

(9) 

0.33% 

43,483 

(11) 

0.40% 

44,859 

(11) 

0.41% 

Notes: 

1)  Bull’s-eye  study  area  eonsisted  of  15,742,890  m^  (3890  aeres). 

2)  Oil  Refinery  study  area  eonsisted  of  10,874,917  m^  (2687  aeres) 
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Figure  2:  Bull’s-eye  Target  Search  Desigu 
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2,3.  Implementation  and  Data  Processing 

Geo-Centers  performed  the  geophysieal  surveys  using  a  simultaneous  eleetromagnetie 
and  magnetometer  towed  array  system.  The  bulk  of  the  work  was  performed  between 
9/21  and  10/20/2005.  Additional  work,  espeeially  in  the  western  part  of  the  site,  was 
performed  from  11/10  to  11/16/2005.  The  daily  data  submittals  from  Geo-Centers 
ineluded  the  actual  path  of  the  survey,  or  “course  over  ground”  (COG),  and  initial 
identifications  of  anomalies  found  during  the  surveys.  These  data  were  submitted  in 
comma  delimited  ASCII  files. 

During  the  initial  anomaly  identification  process,  the  Geo-Centers  analyst  placed  each 
anomaly  into  one  of  three  categories,  based  on  characteristics  of  the  EMI  and 
magnetometer  signals  : 

•  Category  2  anomalies  are  high-confidence  targets.  These  are  strong,  round, 
generally  appear  in  both  the  EMI  and  the  magnetometer  data  sets,  and  represent 
the  analyst’s  estimation  of  the  subset  of  targets  that  would  yield  compact  metallic 
objects  upon  excavation. 

•  Category  1  anomalies  are  medium-confidence  targets.  These  have  round 
signatures,  usually  appear  in  one  but  not  both  data  sets,  and  are  weaker  and/or 
spatially  smaller  than  the  category  2  targets. 

•  Category  0  anomalies  are  low-confidence  targets.  These,  in  the  analyst’s  opinion, 
are  probably  sensor  or  geologic  noise. 

The  analyses  of  the  initial  transect  data,  and  the  design  of  the  fill-in  surveys,  are  based 
only  on  the  anomalies  identified  as  Category  2  by  the  Geo-Centers  analyst.  The 
sensitivity  of  the  analyses  to  the  inclusion  of  Category  1  anomalies  is  described  in 
Sections  4.3  and  4.4. 

The  COG  and  anomaly  files  for  the  transect-based  surveys  were  collected  in  an  Access 
database  that  allowed  easy  manipulation  of  the  data.  Queries  were  created  to  extract 
COG  and  anomaly  data  for  different  parts  of  the  site  and  different  times  of  the 
investigation.  Eor  example,  a  query  was  created  that  selects  all  Category  2  anomalies 
within  the  boundary  of  the  Simulated  Oil  Refinery  target  search  area.  Another  query 
selects  only  the  east-west  oriented  transects  within  that  same  area. 

The  results  of  these  queries  were  exported  to  Excel  spreadsheets,  where  the  column  labels 
were  deleted  and  the  resulting  data  was  saved  as  tab-delimited  ASCII  files  for 
importation  into  VSP.  The  database  tables  and  queries  are  documented  in  Appendix  B. 
The  database  itself  is  included  as  a  separate  attachment  to  this  report. 


^  Geo-Centers  has  sinee  been  purehased  by  SAIC.  This  report  only  addresses  the  survey  design  and 
analysis  using  VSP;  SAIC  is  responsible  for  an  interim  report  eovering  the  aetual  implementation  of  the 
ground  survey. 

^  These  deseriptions  are  paraphrased  from  an  email  dated  9/27/05  from  Rob  Siegel,  the  Geo-Centers 
analyst,  to  Laura  Wreneh  (Versar,  Ine.)  and  Herb  Nelson  (NRL).  The  subjeet  line  of  the  email  is: 
“GEO-CENTERS  First  Week  Deliverables”. 
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As  the  survey  progressed,  it  beeame  eonvenient  to  divide  the  Kirtland  WAA  study  area 
into  different  seetors.  The  seetors  are  presented  in  Easting,  NAD  1983  UTM  Zone  13 
North  (meters) 

Figure  4.  The  divisions  were  based,  in  part,  on  the  past  uses  of  the  site,  and  in  part  on  the 
logistics  of  the  survey.  There  is  a  small  arms  range  directly  south  of  the  Northwest 
Analysis  Sector.  Due  to  safety  concerns,  access  to  this  portion  of  the  study  area  was 
limited  to  two  days  a  week  (when  the  range  was  not  operating).  The  effect  of  this 
logistical  issue  was  to  accelerate  the  completion  of  the  surveys  of  the  Northeast  and  the 
Oil  Refinery  Target  (ORT)  sectors,  while  the  survey  of  the  Northwest  sector  was  not 
completed  until  the  final  site  work  in  November  of  2005. 

2,4,  Summary  of  Initial  Transect  Survey  Results 

Table  2  and  Easting,  NAD  1983  UTM  Zone  13  North  (meters) 

Figure  5  through  Figure  12  summarize  the  results  for  the  initial  transect  surveys.  Table  2 
provides  the  acreage  of  each  sector,  and  the  number  of  Category  2,  1,  and  0  anomalies 
identified  during  the  initial  transect  surveys.  The  numbers  in  this  table  give  a  qualitative 
sense  of  how  intensive  the  past  uses  may  have  been  in  each  of  the  sectors. 


Table  2:  Number  of  Anomalies  Identified  After  Initial  Survey 


Analysis 

Sector 

Sector  Area 
(acres) 

Number  of  Identified  Anomalies 

Category  2 

Category  1 

Category  0 

Total 

Northeast 

1159 

369 

387 

271 

1027 

Northwest 

1530 

568 

560 

186 

1314 

ORT 

1204 

584 

361 

394 

1339 

South 

1153 

85 

97 

76 

258 

There  are  two  figures  for  each  sector.  The  first  figures  (Figures  5,  7,  9,  and  1 1)  show  the 
COG  and  the  category  2  anomalies  for  the  sectors.  The  second  figures  (6,  8,  10  and  12) 
show  only  the  anomalies.  It  is  easier  to  recognize  developing  anomaly  patterns  with  the 
COG  lines  removed  from  the  views.  Areas  with  concentrations  of  anomalies  have  been 
circled  on  the  figures  for  the  Northeast,  Northwest  and  ORT  sectors. 
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Figure  5:  Northeast  Sector  Initial  Survey  Results 
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Figure  6:  Northeast  Sector  without  COG  Lines 
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Figure  7:  Northwest  Sector  Initial  Survey  Results 
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Figure  9:  ORT  Sector  Initial  Survey  Results 
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Figure  10:  ORT  Sector  without  COG  Lines 
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Figure  11:  South  Sector  Initial  Survey  Results 
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Figure  12:  South  Sector  without  COG  Liues 
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3.  Initial  Transect  Data  Analysis  and  Fill-in  Survey  Design 

The  objective  of  the  analysis  of  the  initial  transect  data  was  to  identify  areas  where  the  anomaly 
pattern  indicated  that  there  may  be  a  concentration  of  MEC  items.  This  analysis  served  as  the 
basis  for  the  design  of  the  fill-in  surveys.  The  purpose  of  the  fill-in  surveys  was  to  obtain  data  in 
order  to  delineate  the  boundaries  of  suspected  targets.  The  category  two  anomalies  were 
analyzed  during  the  initial  transect  data  analysis.  Fifty  meter  spacing  was  selected  for  the  fill-in 
surveys. 

The  conservative  search  design  for  the  oil  refinery  target  (north-south  oriented  swaths  with  80  m 
spacing),  combined  with  the  Bull’s-eye  target  search  transects,  provided  adequate  coverage  to 
delineate  target  areas  in  the  oil  refinery  search  area.  Therefore,  no  analysis  of  initial  transect  data 
was  performed  for  this  part  of  the  site. 

The  process  within  VSP  used  to  perform  the  analysis  was: 

•  Use  the  VSP  “Find  Target  Areas”  module  to  calculate  the  anomaly  density  within  a  user- 
specified  window.  This  calculation  is  made  in  steps  along  the  entire  length  of  each 
transect.  The  transect  width  used  was  2.5  meters.  The  resulting  densities  are  plotted  in  a 
histogram.  For  the  initial  analysis,  a  window  diameter  equal  to  approximately  one  half  of 
the  transect  spacing  was  selected.  The  rationale  for  window  size  selection  is  discussed 
below. 

•  Select  a  “critical  density”  based  on  the  histogram.  VSP  then  flagged  the  areas  on  each 
transect  with  densities  above  the  critical  density.  The  selection  of  critical  densities  for 
this  analysis  was  based  on  the  histograms  plotted  in  VSP.  The  rationale  for  the  selection 
of  the  critical  densities  is  discussed  below. 

•  Use  VSP  to  design  the  fill-in  surveys.  New  sample  areas  were  created  around  areas 
flagged  by  VSP,  and  coordinates  for  the  50-meter  spaced  transects  were  generated. 

Window  Size  Selection:  A  75  meter  window  size  was  used  in  the  analysis  of  the  initial  transect 
data.  This  is  approximately  half  the  transect  spacing  of  155  meters.  The  purpose  of  the  survey 
was  to  find  concentrations  of  anomalies  of  the  size  of  the  target  being  searched,  and  the  size  of 
that  area  determined  the  transect  spacing.  The  75  meter  window  was  selected  in  order  to 
increase  the  chances  that  density  calculations  would  be  made  within  the  target  area,  in  the  event 
a  target  area  was  traversed  by  any  of  the  transects. 

The  version  of  VSP  (Version  4.3)  used  to  design  the  fill-in  surveys  allowed  the  user  to  specify 
either  a  rectangular  or  circular  window  in  the  Find  Target  Areas  module.  The  analysis 
documented  here  was  completed  using  the  rectangular  window.  A  subsequent  release  of  VSP 
has  removed  the  rectangular  window  option  from  the  module,  and  the  specific  results  presented 
here  are  not  replicable  with  the  new  version  of  the  software. 

Critical  Density  Selection:  During  this  initial  analysis,  the  selection  of  critical  densities  was 
based  solely  upon  the  visual  inspection  of  the  VSP-produced  histograms.  Very  loose  criteria 
were  applied:  the  selected  critical  densities  were  greater  than  the  apparent  background  density 
(as  judged  from  the  histogram),  but  less  than  the  majority  of  the  “outlier”  densities.  Figure  16 
best  illustrates  these  concepts.  A  more  repeatable  approach  to  selecting  critical  densities  is 
described  in  Section  4.3. 
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3.1.  Northeast  Sector 

The  critical  density  selected  from  the  histogram  was  0.1  anomalies/m  (405  anomalies/acre). 
This  resulted  in  VSP  selecting  34  areas  above  the  critical  density,  which  are  illustrated  in  Figure 
13  (for  the  northern  portion  of  the  target  area)  and  Figure  14  (for  the  southern  portion).  A  605 
acre  sample  area  was  created,  and  the  50  meter  spaced  transect  fdl-in  survey  design  was 
generated,  which  resulted  in  28.4  acres  of  additional  sampling.  The  survey  design  is  illustrated 
in  Figure  15.  The  design  coordinates  are  provided  in  Appendix  A. 

3.2.  Northwest  Sector 

A  critical  density  of  0.125  anomalies/m  (506  anomalies/acre)  was  selected  from  the  density 
histogram  (see  Figure  16). 

VSP  identified  88  areas  above  the  critical  density  in  the  northwest  sector,  and  these  are  depicted 
in  Figure  17.  Fill-in  sample  areas  totaling  249  acres  were  identified  to  encompass  the  VSP- 
identified  areas  (see  Figure  17).  The  design  resulted  in  10.9  acres  of  additional  geophysical 
transects.  The  design  coordinates  are  in  Appendix  A. 

3.3.  South  Sector 

The  maximum  density  in  this  area  was  approximately  0.016  anomalies/m^  (65  anomalies/acre); 
the  average  over  the  entire  area  was  0.00823  anomalies/m  (3  anomalies/acre).  These  densities 
are  significantly  below  the  critical  densities  selected  for  the  northern  part  of  the  site,  and  no  fill- 
in  surveys  were  recommended  for  this  sector.  The  sector  is  illustrated  in  Figure  18. 

3.4.  Fill-in  Survey  Results 

The  completed  fill-in  surveys  for  the  Northeast  sector  are  presented  in  Figure  19(with  the  COG 
lines)  and  Figure  20  (without  the  COG  lines).  Figure  21  (with  COG  lines)  and  Figure  22 
(without  COG  lines)  present  the  results  for  the  Northwest  sector. 

The  fill-in  survey  for  the  Northeast  sector  successfully  captured  the  boundaries  of  the  target 
areas.  The  fill-in  surveys  for  the  Northwest  sector  bounded  two  major  target  areas,  and  provided 
enough  information  to  remove  the  south-most  survey  area  (circled  on  Figure  21)  from 
consideration. 
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Figure  13:  Close-up  of  Northeru  Part  of  Northeast  Sector,  Poteutial  Targets  Flagged  by  VSP 
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Figure  14:  Close-up  of  Southeru  Part  of  Northeast  Sector,  Poteutial  Targets  Flagged  by  VSP 
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Figure  15:  Northeast  Sector  Fill-in  Survey  Design 
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Figure  16:  Histogram  for  Critical  Density  of  0.125  anomalies/m^,  Northwest  Sector 
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Figure  17:  Fill-in  Survey  Design  for  the  Northwest  Sector 
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Figure  18:  Category  2  Anomalies  in  Southern  Sector  of  Bull’s  Eye  Target  Search  Area 
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Figure  19:  Northeast  Sector  Fill-in  Survey  Results 
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Figure  20:  Northeast  Sector  Fill-in  Survey  without  COG  Lines 
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Figure  21:  Northwest  Seetor  Fill-in  Survey  Results 
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Figure  22:  Northwest  Survey  Fill-in  Survey  without  COG  Lines 
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4.  Preliminary  Boundary  Estimations 

The  Northeast,  Northwest,  and  ORT  sectors  all  contain  apparent  target  areas.  The  boundaries  of 
the  targets  were  estimated  after  the  areas  outside  the  vicinities  of  the  apparent  target  areas  were 
removed  from  the  analysis.  The  areas  used  in  the  boundary  estimations  are  shown  in  Figure  23. 
The  target  boundaries  were  estimated  first  through  visual  examination  and  then  by  using  the  VSP 
Find  Target  Areas  module. 

4.1,  Visual  Examination 

Target  boundaries  were  estimated  by  visually  examining  the  anomaly  patterns  within  and  around 
each  target  area.  Those  estimated  boundaries  are  shown  in  Figure  24  (Northeast  sector).  Figure 
28  (Northwest  sector),  and  Figure  32  (ORT  sector).  As  can  be  seen  in  the  figures,  each  of  the 
apparent  target  areas  was  crossed  by  multiple  east-west  and  north-south  transects,  providing 
ample  information  to  estimate  the  boundaries  of  the  target  areas.  This  fact,  combined  with  the 
use  of  only  the  most  “UXO-like”  (i.e.,  category  2)  anomalies,  make  the  apparent  target  areas 
very  easy  to  distinguish. 

4.2,  VSP  Target  Areas  Module 

The  following  process  was  used  with  the  VSP  Find  Target  Areas  module  to  flag  the  areas  of  high 
anomaly  density"*: 

•  A  window  diameter  of  250  meters  was  selected.  The  two  smallest  potential  target  areas 
that  were  visually  identified  were  approximately  300  meters  along  their  smallest 
dimensions  (see  Figure  24  and  Figure  28  for  these  measurements).  Selecting  a  window 
of  250  meters  (smaller  than  the  300  meters)  ensures  that  at  least  one  full  density 
calculation  was  made  within  the  smallest  visually  identified  potential  target  areas. 

•  For  each  sector,  the  Find 
Target  Areas  module  was  run 
with  a  1  anomaly  per  acre 
critical  density^.  The 
resulting  density  calculations 
were  exported  to  a  text  file 
using  the  “File  Data”  button 
on  the  histogram  screen  (see 
the  screen  capture  picture  on 
this  page).  The  resulting  text 
files  were  imported  to  Excel 
spreadsheets  (see  Section  4.3 
for  further  explanation). 


^  Visual  Sample  Plan  Version  4.4b  was  used  for  this  analysis. 

^  It  was  later  detennined  that  any  value  of  critical  density  would  have  produced  an  identical  text  fde.  The  VSP 
module  calculates  the  density  within  each  instance  of  the  window,  and  that  density  does  not  change  unless  the 
window  diameter  is  changed. 
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•  A  background  density  for  each  of  the  areas  was  estimated  by  taking  the  average  of  the 
individual  density  calculations. 

•  The  Find  Target  Areas  module  was  run  again  with  the  250  meter  diameter  window,  this 
time  with  a  background  density  equal  to  the  average  calculated  in  the  previous  step,  and 
the  confidence  that  the  window  density  is  above  background  set  to  the  default  of  95%. 

The  flagged  areas  resulting  from  this  process  are  illustrated  in  Figure  25  (Northeast  sector). 
Figure  29  (Northwest  sector),  and  Figure  33  (ORT  sector).  The  background  densities  used  for 
each  area  are  listed  in  Table  3. 

Because  the  apparent  target  areas  were  already  distinct,  the  density  flagging  by  VSP  does  not 
really  provide  significantly  different  results  than  those  obtained  by  visual  examination.  The 
exception  is  the  center  area  in  the  Northwest  sector  identified  visually,  but  not  flagged  by  VSP. 

4,3.  Critical  Densities 

An  approach  similar  to  the  boundary  delineation  approach  described  above  was  used  to  calculate 
critical  densities  for  the  initial  survey  results  for  the  Northeast  and  Northwest  sectors.  The 
approach  is  summarized  as  follows: 

•  The  window  diameter  of  75  meters  was  maintained  from  the  original  analysis.  The 
rationale  for  the  window  size  remains  the  same:  Use  of  a  75  meter  window  increased  the 
chances  that  if  a  target  area  had  been  traversed,  density  calculations  would  be  made 
within  the  target  area. 

•  For  each  sector,  the  Find  Target  Areas  module  was  run  with  a  1  anomaly  per  acre  critical 
density.  The  resulting  density  calculations  were  exported  to  a  text  file  using  the  “File 
Data”  button  on  the  histogram  screen.  The  resulting  text  files  were  imported  to  Excel 
spreadsheets. 

•  The  individual  densities  were  sorted  in  descending  order,  and  the  averages  of  the  non¬ 
zero  densities  were  taken.  These  were  used  as  an  estimate  of  the  critical  density  for  use 
in  the  Find  Target  Areas  module.  This  is  contrasted  with  using  all  of  the  densities  (zero 
and  non-zero)  to  calculate  the  background  densities  used  in  the  boundary  delineation. 

•  The  areas  for  a  fill-in  survey  were  flagged  using  the  Find  Target  Areas  module  with  the 
75  meter  diameter  window  and  the  critical  density  equal  to  the  average  calculated  in  the 
previous  step. 

For  the  Northeast  sector,  the  critical  density  was  estimated  to  be  55  anomalies  per  acre;  the 
critical  density  for  the  Northwest  sector  was  estimated  to  be  69  anomalies  per  acre.  The  results 
of  the  VSP  density  flagging  are  in  Figure  36  and  Figure  37. 
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4,4.  Analysis  with  Category  1  Anomalies  Added 

A  sensitivity  analysis  of  the  effeet  of  including  Category  1  anomalies  in  the  boundary  delineation 
analyses  was  undertaken  to  examine  the  effect  a  noisier  set  of  data  on  the  results  of  the  analyses. 
The  estimation  of  the  background  density  for  the  combined  category  1  and  2  anomalies  followed 
the  same  steps  as  those  outlined  in  Section  4.2  for  the  category  2  only  anomalies.  The  estimated 
background  anomaly  densities  for  the  category  1  and  2  anomalies  are  presented  in  Table  3. 


Table  3:  Background  Density  Estimates 


Analysis  Sector 

Estimated  Background  Anomaly  Density  (per  acre) 

Category  2  Anomalies 

Category  1  and  2  Anomalies 

Northeast 

35 

59 

Northwest 

92 

120 

Oil  Refinery  Target 

40 

52 

The  target  areas  with  the  category  1  and  2  anomalies  are  shown  in  Figure  26,  Figure  30,  and 
Figure  34  for  the  Northeast,  Northwest,  and  ORT  sectors,  respectively.  The  flagged  areas 
identified  by  VSP  are  presented  in  Figure  27,  Figure  31,  and  Figure  35. 

The  inclusion  of  the  category  1  anomalies  did  not  substantially  change  the  boundary  delineations 
for  the  Northwest  and  the  ORT  sectors.  In  the  Northeast  sector,  the  region  between  the  two 
targets  was  flagged.  The  Northeast  sector  with  the  category  1  and  2  anomalies  also  best 
demonstrates  the  usefulness  of  the  VSP  Find  Target  Areas  module,  as  the  boundaries  of  the 
target  areas  are  much  harder  to  discern  visually  (see  Figure  26). 
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Figure  23:  Areas  Used  for  Boundary  Estimation 
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Figure  24:  Visually  Estimated  Target  Bouudaries,  Northeast  Sector 
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Figure  25:  Northeast  Sector  with  Category  2  Anomalies,  Flagged  Areas  with  Density  Greater  Than  35  Anomalies/Acre  Background 
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Figure  26:  Category  1  and  2  Anomalies  in  the  Northeast  Sector  Target  Area  Vicinity 
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Figure  27:  Northeast  Sector  with  Category  1  and  2  Anomalies,  Flagged  Areas  with  Densities  Greater  Than  59  Anomalies/Acre  Background  Density 
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Figure  28:  Visually  Estimated  Target  Bouudaries,  Northwest  Sector  with  Category  2  Auomalies 
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Figure  29:  Northwest  Sector  with  Category  2  Anomalies,  Flagged  Areas  with  Density  Greater  Than  92  Anomalies/Acre  Background  Density 
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Figure  30:  Category  1  and  2  Anomalies  in  the  Vicinity  of  the  Northwest  Target  Area 
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Figure  31:  Northwest  Sector  with  Category  1  and  2  Anomalies,  Flagged  Areas  with  Densities  Greater  Than  120  AnomaUes/Acre  Background 
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Figure  32:  Visually  Estimated  Target  Bouudaries,  ORT  Sector 
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Figure  33:  ORT  Sector  with  Category  2  Anomalies,  Flagged  Areas  with  Density  Greater  Than  40  Anomalies/Acre  Background 
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Figure  34:  Category  1  and  2  Anomalies  in  the  Vicinity  of  the  ORT  Target  Area 
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Figure  35:  ORT  Sector  with  Category  1  and  2  Anomalies,  Flagged  Areas  with  Density  Greater  Than  52  Anomalies/Acre  Background 
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Figure  36:  Northeast  Sector,  Initial  Survey  Results  with  55 
Anomalies/Acre  Critical  Density 


September  29,  2006 


41 


Northing,  NAD  1983  UTM  Zone  13  North  (meters) 


Visual  Sample  Plan  Survey  Design  and  Analysis 

FKPBR 
Interim  Report 


Easting,  NAD  1983  UTM  Zone  13  North  (meters) 

Figure  37:  Northeast  Sector,  Initial  Survey  Results  with  69 
Anomalies/Acre  Critical  Density 
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5.  Summary  and  Recommendations 

The  results  of  the  VSP-designed  ground  surveys  of  the  Kirtland  WAA  study  area  provided 
suffieient  information  to  identify  the  locations  of  all  the  targets  suspected  to  be  present  at  the 
site. 

The  site  was  over-sampled  (in  other  words,  the  assumptions  about  the  sizes  of  the  targets  to  be 
searched  for  were  very  conservative)  and  therefore  there  was  very  little  uncertainty  about  the 
general  location  of  the  target  areas  after  the  initial  survey.  Use  of  only  the  most  “UXO-like” 
anomalies,  as  categorized  by  Geo-Centers,  in  the  analyses  for  the  fill-in  surveys  and  the 
boundary  delineation,  coupled  with  the  over-sampling,  rendered  the  capabilities  of  the  VSP  Find 
Target  Areas  module  somewhat  redundant.  Inclusion  of  the  category  1  anomalies  increased  the 
“noise”  in  the  boundary  delineation  analysis,  especially  in  the  Northeast  sector,  and  increased  the 
usefulness  of  the  Find  Target  Areas  module.  However,  the  over-sampling  should  increase  the 
certainty  that  there  are  no  targets  of  concern  within  the  South  sector  of  the  site. 
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A-1.  Coordinates  for  North  Section  Bull’s-eye  Search 
NM  State  Plane,  Feet 


X1 

Y1 

X2 

Y2 
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A-2,  Coordinates  for  South  Section  Bull’s-eye  Search 
NM  State  Plane,  Feet 


X1 

Y1 

X2 

Y2 
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A-3:  Coordinates  for  Simulated  Oil  Refinery  Target  Search 

UTM,  meters 


X1 

Y1 
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Y2 
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A-3:  Coordinates  for  Simulated  Oil  Refinery  Target  Search  (cont) 


X1 

Y1 

X2 

Y2 
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3894451 

335181.9 
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A-4:  Northeast  Sector  Fill-in  Survey  Design 
UTM,  meters 


X1 

Y1 

X2 

Y2 

Width 

Length 

335817.6 

3892252 

335817.6 

3893644 

2.5 

1391.638 

335870.1 

3892252 

335870.1 

3893644 

2.5 

1391.638 

335922.6 

3892252 

335922.6 

3893644 

2.5 

1391.638 

335975.1 

3892252 

335975.1 

3893644 

2.5 

1391.638 

336027.6 

3892252 

336027.6 

3893644 

2.5 

1391.638 

336080.1 

3892252 

336080.1 

3893644 

2.5 

1391.638 

336132.6 

3892252 

336132.6 

3893644 

2.5 

1391.638 

336185.1 

3892252 

336185.1 

3893644 

2.5 

1391.638 

336237.6 

3892252 

336237.6 

3893644 

2.5 

1391.638 

336290.1 

3892252 

336290.1 

3893644 

2.5 

1391.638 

336342.6 

3892252 

336342.6 

3893644 

2.5 

1391.638 

336395.1 

3892252 

336395.1 

3893644 

2.5 

1391.638 

336447.6 

3892252 

336447.6 

3893644 

2.5 

1391.638 

336500.1 

3892252 

336500.1 

3893644 

2.5 

1391.638 

336552.6 

3892252 

336552.6 

3893644 

2.5 

1391.638 

336605.1 

3892252 

336605.1 

3893644 

2.5 

1391.638 

336657.6 

3892252 

336657.6 

3893644 

2.5 

1391.638 

336710.1 

3892252 

336710.1 

3893644 

2.5 

1391.638 

336762.6 

3892252 

336762.6 

3893644 

2.5 

1391.638 

336815.1 

3892252 

336815.1 

3893644 

2.5 

1391.638 

336867.6 

3892252 

336867.6 

3893644 

2.5 

1391.638 

336920.1 

3892252 

336920.1 

3893644 

2.5 

1391.638 

336972.6 

3892252 

336972.6 

3893644 

2.5 

1391.638 

337025.1 

3892252 

337025.1 

3893644 

2.5 

1391.638 

337077.6 

3892252 

337077.6 

3893644 

2.5 

1391.638 

337130.1 

3892252 

337130.1 

3893644 

2.5 

1391.638 

337182.6 

3892252 

337182.6 

3893644 

2.5 

1391.638 

337235.1 

3892252 

337235.1 

3893644 

2.5 

1391.638 

337287.6 

3892252 

337287.6 

3893644 

2.5 

1391.638 

337340.1 

3892252 

337340.1 

3893644 

2.5 

1391.638 

337392.6 

3892252 

337392.6 

3893644 

2.5 

1391.638 

337445.1 

3892252 

337445.1 

3893644 

2.5 

1391.638 

337497.6 

3892252 

337497.6 

3893644 

2.5 

1391.638 
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A-4:  Northwest  Sector  Fill-in  Survey  Design 
UTM,  meters 


Area:  NW  Area  1 

X1 

Y1 

X2 

Y2 

331062.6 

3894358 

331062.6 

3894526 

331115.1 

3894358 

331115.1 

3894526 

331167.6 

3894358 

331167.6 

3894526 

331220.1 

3894358 

331220.1 

3894526 

331272.6 

3894358 

331272.6 

3894526 

Area:  NW  Area  4 

X1 

Y1 

X2 

Y2 

330406.3 

3893435 

330406.3 

3893577 

330458.8 

3893435 

330458.8 

3893577 

330511.3 

3893435 

330511.3 

3893577 

330563.8 

3893435 

330563.8 

3893577 

330616.3 

3893435 

330616.3 

3893577 

330668.8 

3893435 

330668.8 

3893577 

Area:  NW  Area  3 

XI 

Y1 

X2 

Y2 

330808.8 

3893111 

330808.8 

3893286 

330861.3 

3893111 

330861.3 

3893286 

330913.8 

3893111 

330913.8 

3893286 

330966.3 

3893111 

330966.3 

3893286 
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A-4:  Northwest  Sector  Fill-in  Survey  Design  (cont.) 


Area:  NW  Area  2 

X1 

Y1 

X2 

Y2 

330486.4 

3893591 

330486.4 

3894338 

330538.9 

3893591 

330538.9 

3894338 

330591.4 

3893591 

330591.4 

3894338 

330643.9 

3893591 

330643.9 

3894338 

330696.4 

3893591 

330696.4 

3894338 

330748.9 

3893591 

330748.9 

3894338 

330801.4 

3893591 

330801.4 

3894338 

330853.9 

3893591 

330853.9 

3894338 

330906.4 

3893591 

330906.4 

3894338 

330958.9 

3893591 

330958.9 

3894338 

331011.4 

3893591 

331011.4 

3894338 

331063.9 

3893591 

331063.9 

3894338 

331116.4 

3893591 

331116.4 

3894338 

331168.9 

3893591 

331168.9 

3894338 

331221.4 

3893591 

331221.4 

3894338 

331273.9 

3893591 

331273.9 

3894338 

331326.4 

3893591 

331326.4 

3894338 

331378.9 

3893591 

331378.9 

3894338 

331431.4 

3893591 

331431.4 

3894338 

331483.9 

3893591 

331483.9 

3894338 

Area:  NW  Area  5 

XI 

Y1 

X2 

Y2 

330134.3 

3893910 

330134.3 

3894199 

330186.8 

3893910 

330186.8 

3894199 

330239.3 

3893910 

330239.3 

3894199 

330291.8 

3893910 

330291.8 

3894199 

330344.3 

3893910 

330344.3 

3894199 

330396.8 

3893910 

330396.8 

3894199 
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Kirtland  Transect  Data  Database  Documentation 
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The  Kirtland  Transect  Data  database  contains  three  data  tables.  They  are  described  in  the 
tables  below: 


Table  B-1:  Anomaly  Data 


Name 

Type 

Size 

Description 

Anomaly  Number 

Long  Integer 

4 

Unique  ID  number  assigned  to  the  anomaly 

X 

Double 

8 

Easting,  UTM  meters 

Y 

Double 

8 

Northing,  UTM  meters 

Confidence 

Long  Integer 

4 

0=low,  l=med,  2=high 

Date 

Date/Time 

8 

Date  anomaly  was  acquired 

Table  B-2:  COG  Index 


Name 

Type 

Size 

Description 

Transect  ID 

Long  Integer 

4 

Unique  ID  number  assigned  to  the  transect 

StartX 

Double 

8 

Initial  easting  coordinate,  UTM  meters 

StartY 

Double 

8 

Initial  northing  coordinate,  UTM  meters 

EndX 

Double 

8 

Last  easting  coordinate,  UTM  meters 

EndY 

Double 

8 

Last  northing  coordinate,  UTM  meters 

Orientation 

Text 

2 

EW=East-West,  NS^North- South 

Date  Collected 

Date/Time 

8 

Data  transect  was  surveyed 

Table  B-3:  Transects 


Name 

Type 

Size 

Description 

Point  Number 

Long  Integer 

4 

Unique  point  number  assigned  to  the  COG  point 

Transect  ID 

Long  Integer 

4 

ID  number  assigned  to  entire  transect  (non¬ 
unique  in  this  table) 

X 

Double 

8 

Easting,  UTM  meters 

Y 

Double 

8 

Northing,  UTM  meters 

The  database  also  contains  19  queries  set  up  to  extract  anomaly  and  course  over  ground 
(COG)  data  from  the  database.  The  query  results  were  exported  to  Excel,  where  column 
headers  and  extraneous  data  (e.g.,  point  numbers  for  transects)  were  deleted.  The 
resulting  data  was  saved  as  tab-delimited  ASCII  files  which  were  imported  into  VSP. 
The  queries  are  described  in  the  remaining  pages  of  this  appendix. 
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Query:  Northeast  Anomalies  Cat  1  and  2 

Extracts  category  1  and  2  anomalies  located  within  the  Northeast  sector. 


Interim  Report 


SOL 

SELECT  [Anomaly  DataJ.X,  [Anomaly  DataJ.Y,  [Anomaly  Data], Confidence 
FROM  [Anomaly  Data] 

WHERE  ((([Anomaly  Data].X)>=335500  And  ([Anomaly  Data].X)<=3377550)  AND  (([Anomaly 
Data].Y)>=3892000  And  ([Anomaly  Data].Y)<=3894600)  AND  (([Anomaly  Data].Confidence)>=l)); 


Columns 


X 

Y 

Confidence 


Query:  Northeast  Anomalies  Cat  1  and  2  EW 

Extracts  category  1  and  2  anomalies  that  were  acquired  on  the  east-west  transects  in  the  Northeast  sector. 


SEEECT  [Anomaly  DataJ.X,  [Anomaly  DataJ.Y,  [Anomaly  Data]. Date 
FROM  [Anomaly  Data] 

WHERE  ((([Anomaly  DataJ.X)>=335500  And  ([Anomaly  DataJ.X)<=3377550)  AND  (([Anomaly 
DataJ.Y)>=3892000  And  ([Anomaly  DataJ.Y)<=3894600)  AND  (([Anomaly  DataJ.Date)<=#9/26/2005#) 
AND  (([Anomaly  DataJ.Confidence)>=l)); 


Columns 

X 

Y 

Date 


Query:  Northeast  Anomalies  Cat  2 

Extracts  category  2  anomalies  located  within  the  Northeast  sector. 


SEEECT  [Anomaly  DataJ.X,  [Anomaly  DataJ.Y,  [Anomaly  Data]. Confidence 
FROM  [Anomaly  Data] 

WHERE  ((([Anomaly  DataJ.X)>=335500  And  ([Anomaly  DataJ.X)<=3377550)  AND  (([Anomaly 
DataJ.Y)>=3892000  And  ([Anomaly  DataJ.Y)<=3894600)  AND  (([Anomaly  DataJ.Confidence)=2)); 


Columns 


X 

Y 

Confidence 
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Query:  Northeast  Anomalies  Cat  2  EW 


Interim  Report 


Extracts  category  2  anomalies  that  were  acquired  on  the  east-west  transects  in  the  Northeast  sector. 


SOL 

SELECT  [Anomaly  Data]. [Anomaly  Number],  [Anomaly  Data].X,  [Anomaly  Data].Y,  [Anomaly 
Data]. Date 

FROM  [Anomaly  Data] 

WHERE  ((([Anomaly  Data].X)>=335500  And  ([Anomaly  Data].X)<=3377550)  AND  (([Anomaly 
Data].Y)>=3892000  And  ([Anomaly  Data].Y)<=3894600)  AND  (([Anomaly  Data].Date)<=#9/26/2005#) 


Columns 

X 

Y 

Date 


Query:  Northeast  Transect  List 

Lists  transect  information  for  all  transects  in  the  Northeast  sector. 


SOL 

SELECT  [COG  Index]. [Transect  ID],  [COG  Index]. [Date  Collected],  [COG  Index]. Orientation,  [COG 
Index]. StartX,  [COG  Index]. EndX,  [COG  Index]. StartY,  [COG  Index].EndY 
FROM  [COG  Index] 

WHERE  ((([COG  Index].StartX)<=337550  And  ([COG  Index].StartX)>=335500)  AND  (([COG 
Index]. StartY)<=3 894600  And  ([COG  Index].StartY)>=3892000))  OR  ((([COG  Index].EndX)<=337550 
And  ([COG  Index].EndX)>=335500)  AND  (([COG  Index].EndY)<=3894600  And  ([COG 

Columns 

Transect  ID 

Date  Collected 

Orientation 

StartX 

EndX 

StartY 

EndY 

Query:  Northeast  Transects 

Extracts  all  transect  points  for  transects  located  within  the  Northeast  sector. 

SQL 

SELECT  Transects. [Transect  ID],  Transects.X,  Transects. Y,  Transects. [Point  Number] 

FROM  Transects 

WHERE  (((Transects.X)>=335500  And  (Transects.X)<=337550)  AND  ((Transects.Y)>=3892000  And 
(Transects.Y)<=3  894600)); 

Columns 

Transect  ID 

X 

Y 
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Point  Number 

Query:  Northwest  Anomalies  Cat  1  and  2 

Extracts  category  1  and  2  anomalies  located  within  the  Northwest  sector. 

SOL 

SELECT  [Anomaly  DataJ.X,  [Anomaly  DataJ.Y 
FROM  [Anomaly  Data] 

WHERE  ((([Anomaly  Data].X)>=330000  And  ([Anomaly  Data].X)<=332710)  AND  (([Anomaly 
Data].Y)>=3892000  And  ([Anomaly  Data].Y)<=3894600)  AND  (([Anomaly  Data].Confidence)>=l)); 


Columns 

X 

Y 

Query:  Northwest  Anomalies  Cat  1  and  2  EW 

Extracts  category  1  and  2  anomalies  located  on  the  east-west  transects  within  the  Northwest  sector. 


SOL 

SELECT  [Anomaly  DataJ.X,  [Anomaly  DataJ.Y,  [Anomaly  Data]. Date 
FROM  [Anomaly  Data] 

WHERE  ((([Anomaly  DataJ.X)>=330000  And  ([Anomaly  DataJ.X)<=332710)  AND  (([Anomaly 
DataJ.Y)>=3892000  And  ([Anomaly  DataJ.Y)<=3894600)  AND  (([Anomaly  DataJ.Date)>=#9/27/2005# 
And  ([Anomaly  DataJ.Date)<=#10/10/2005#)  AND  (([Anomaly  DataJ.Confidence)>=l))  OR  ((([Anomaly 
DataJ.X)>=330000  And  ([Anomaly  DataJ.X)<=332710)  AND  (([Anomaly  DataJ.Y)>=3892000  And 
([Anomaly  DataJ.Y)<=3894600)  AND  (([Anomaly  DataJ.Date)=#10/15/2005#)  AND  (([Anomaly 
Data] .  Confidence)>=  1 )) ; 


Columns 

X 

Y 

Date 

Query:  Northwest  Anomalies  Cat  2 

Extracts  category  2  anomalies  located  within  the  Northwest  sector. 

SQL 

SELECT  [Anomaly  DataJ.X,  [Anomaly  DataJ.Y 
FROM  [Anomaly  Data] 

WHERE  ((([Anomaly  DataJ.X)>=330000  And  ([Anomaly  DataJ.X)<=332710)  AND  (([Anomaly 
DataJ.Y)>=3892000  And  ([Anomaly  DataJ.Y)<=3894600)  AND  (([Anomaly  DataJ.Confidence)=2)); 


Columns 

X 

Y 
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Query:  Northwest  Anomalies  Cat  2  EW 


Interim  Report 


Extracts  category  2  anomalies  acquired  on  east-west  transects  located  within  the  Northwest  sector. 


SOL 

SELECT  [Anomaly  DataJ.X,  [Anomaly  DataJ.Y,  [Anomaly  Data], Date 
FROM  [Anomaly  Data] 

WHERE  ((([Anomaly  Data].X)>=330000  And  ([Anomaly  Data].X)<=332710)  AND  (([Anomaly 
Data].Y)>=3892000  And  ([Anomaly  Data].Y)<=3894600)  AND  (([Anomaly  Data].Date)>=#9/27/2005# 
And  ([Anomaly  Data].Date)<=#10/10/2005#)  AND  (([Anomaly  Data].Confidence)=2))  OR  ((([Anomaly 
Data].X)>=330000  And  ([Anomaly  Data].X)<=332710)  AND  (([Anomaly  Data].Y)>=3892000  And 
([Anomaly  Data].Y)<=3894600)  AND  (([Anomaly  Data].Date)=#10/15/2005#)  AND  (([Anomaly 


Columns 

X 

Y 

Date 


Query:  Northwest  Transect  List 

Lists  transect  information  for  all  transects  in  the  Northeast  sector. 


SQL 

SELECT  [COG  Index]. [Transect  ID],  [COG  Index]. [Date  Collected],  [COG  Index]. Orientation,  [COG 
Index]. StartX,  [COG  Index]. EndX,  [COG  Index]. StartY,  [COG  Index].EndY 
FROM  [COG  Index] 

WHERE  ((([COG  Index].StartX)<=3327I0  And  ([COG  Index]. StartX)>=3 3 0000)  AND  (([COG 
Index]. StartY)<=3 894600  And  ([COG  Index].StartY)>=3892000))  OR  ((([COG  Index].EndX)<=332710 
And  ([COG  Index].EndX)>=330000)  AND  (([COG  Index].EndY)<=3894600  And  ([COG 

Columns 

Transect  ID 

Date  Collected 

Orientation 

StartX 

EndX 

StartY 

EndY 

Query:  Northwest  Transects 

Extracts  all  transect  points  for  transects  located  within  the  Northeast  sector. 

SQL 

SELECT  Transects. [Transect  ID],  Transects.X,  Transects. Y,  Transects. [Point  Number] 

FROM  Transects 

WHERE  (((Transects.X)>=330000  And  (Transects.X)<=3327I0)  AND  ((Transects.Y)>=3892000  And 
(Transects.Y)<=3  894600)); 

Columns 

Transect  ID 
X 
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Y 

Point  Number 
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Query:  ORT  Anomalies  Cat  1  and  2 

Extracts  category  1  and  2  anomalies  located  within  the  Oil  Refinery  Target  sector. 


Interim  Report 


SELECT  [Anomaly  DataJ.X,  [Anomaly  DataJ.Y 
FROM  [Anomaly  Data] 

WHERE  ((([Anomaly  Data].X)<=335500  And  ([Anomaly  Data].X)>=332710)  AND  (([Anomaly 
Data].Y)>=3892000  And  ([Anomaly  Data].Y)<=3894600)  AND  (([Anomaly  Data].Confidence)>=l)); 


Columns 

X 

Y 


Query:  ORT  Anomalies  Cat  2 

Extracts  category  2  anomalies  located  within  the  Oil  Refinery  Target  sector. 


SOL 

SELECT  [Anomaly  DataJ.X,  [Anomaly  DataJ.Y 
FROM  [Anomaly  Data] 

WHERE  ((([Anomaly  DataJ.X)<=335500  And  ([Anomaly  DataJ.X)>=332710)  AND  (([Anomaly 
DataJ.Y)>=3892000  And  ([Anomaly  DataJ.Y)<=3894600)  AND  (([Anomaly  DataJ.Confidence)=2)); 


Columns 

X 

Y 


Query:  ORT  Transects 

Extracts  all  transect  points  for  transects  located  within  the  Oil  Refinery  Target  sector. 


SELECT  Transects. [Transect  ID],  Transects.X,  Transects. Y,  Transects. [Point  Number] 

FROM  Transects 

WHERE  (((Transects.X)<=335500  And  (Transects.X)>=332710)  AND  ((Transects.Y)>=3892000  And 
(Transects.Y)<=3  894600)); 


Columns 


Transect  ID 

X 

Y 

Point  Number 
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Query:  ORT  Transects  List 

Lists  transect  information  for  all  transects  in  the  Oil  Refinery  Target  sector. 


Interim  Report 


SOL 

SELECT  [COG  Index], [Transect  ID],  [COG  Index], [Date  Collected],  [COG  Index], Orientation,  [COG 
Index], StartX,  [COG  Index], EndX,  [COG  Index], StartY,  [COG  Index].EndY 
FROM  [COG  Index] 

WHERE  ((([COG  Index].StartX)<=335500  And  ([COG  Index].StartX)>=332710)  AND  (([COG 
Index], StartY)<=3 894600  And  ([COG  Index].StartY)>=3892000))  OR  ((([COG  Index].EndX)<=335500 
And  ([COG  Index].EndX)>=332710)  AND  (([COG  Index].EndY)<=3894600  And  ([COG 


Columns 

Transect  ID 

Date  Collected 

Orientation 

StartX 

EndX 

StartY 

EndY 


B-8 


Visual  Sample  Plan  Survey  Design  and  Analysis 

FKPBR 


Query:  South  Anomalies  Category  2 

Extracts  category  2  anomalies  located  in  the  South  sector. 


Interim  Report 


SOL 

SELECT  [Anomaly  DataJ.X,  [Anomaly  DataJ.Y 
FROM  [Anomaly  Data] 

WHERE  ((([Anomaly  Data].Y)<3892000)  AND  (([Anomaly  Data].Confidence)=2)); 


Columns 

X 

Y 

Query:  South  Transects 

Extracts  all  transect  points  for  transects  located  within  the  Oil  Refinery  Target  sector. 

SOL 

SELECT  Transects. [Transect  ID],  Transects.X,  Transects. Y,  Transects. [Point  Number] 
FROM  Transects 

WHERE  (((Transects.Y)<3892000)); 


Columns 

Transect  ID 

X 

Y 

Point  Number 

Query:  South  Transects  List 

Lists  transect  information  for  all  transects  in  the  Oil  Refinery  Target  sector. 

SOL 

SELECT  [COG  Index]. [Transect  ID],  [COG  Index]. [Date  Collected],  [COG  Index]. Orientation,  [COG 
Index]. StartX,  [COG  Index]. EndX,  [COG  Index]. StartY,  [COG  Index].EndY 
FROM  [COG  Index] 

WHERE  ((([COG  Index].StartY)<=3892000)  AND  (([COG  Index].EndY)<=3892000)); 


Columns 

Transect  ID 

Date  Collected 

Orientation 

StartX 

EndX 

StartY 

EndY 
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